SYNOPSIS Previous studies in experimentally demyelinated mammalian nerves have demonstrated that a reversible conduction block occurs with small increases of temperature within the animal's normal body temperature range. This phenomenon is believed to be the mechanism for clinical temperature effects in multiple sclerosis. This study examines some quantitative thermal relationships in demyelinated nerves of guinea pigs with experimental allergic neuritis. The observed results in normal and experimental animals are in good agreement with previous theoretical calculations based on the effects of temperature on the voltage and time-dependent behaviour of the ionic permeabilities of the nodes of Ranvier. Guinea pigs with increasing motor dysfunction generally exhibited corresponding increases in the overall latency of the conducted action potential, as well as decreases in amplitude. In addition, the lower the initial velocity increment per degree of temperature elevation, the lower was the temperature at which conduction block began to occur. Except for a few cases in which the recorded action potential was bimodal, with response at both normal and prolonged latency, the results tended to indicate a remarkedly uniform involvement of the sciatic nerve within the region of temperature control. that conduction block could occur at a temperature 10-I 5°C lower than in normal animals, but did not attempt to correlate blocking temperature with the extent of demyelination. Later, Rasminsky (1973) , using diphtheria toxin to induce demyelination, observed that fibres with long internodal conduction times could be blocked by increases in temperature which in less severely affected fibres caused an increase in conduction velocity.
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In a previous communication (Schauf and Davis, 1974) we demonstrated that a numerical solution of the Frankenhauser-Huxley equations for conduction in vertebrate myelinated nerve fibres (Frankenhauser and Huxley, 1964; Goldman and Albus, 1968 ) modified solely by alterations in passive cable properties (Smith and Koles, 1970 ; Koles and Rasminsky, 1972) , predicted a complex relationship between the extent of demyelination and the temperature dependence of conduction in this model system. In particular, Fig. 1 of Schauf and Davis (1974) predicts that with increasing loss of myelin there should occur decreases in (1) conduction velocity at a given temperature, (2) slope of the conduction velocity-temperature relation, and (3) blocking temperature.
Experimental verification of these predictions is limited and not systematic. Thus Davis and (Accepted 6 December 1975.) Jacobson (1971) first demonstrated in guinea pigs with experimental allergic neuritis (EAN) that conduction block could occur at a temperature 10-I 5°C lower than in normal animals, but did not attempt to correlate blocking temperature with the extent of demyelination. Later, Rasminsky (1973) , using diphtheria toxin to induce demyelination, observed that fibres with long internodal conduction times could be blocked by increases in temperature which in less severely affected fibres caused an increase in conduction velocity.
To provide additional experimental justification for the use of such a theoretical model in predicting the effects of extrinsic factors on conduction in demyelinated nerve, we have undertaken a more detailed series of studies of the effect of temperature on conduction in the sciatic nerve of guinea pigs with EAN Recording techniques were a modification of previous methods (Davis and Jacobson, 1971) . Animals were given sodium pentobarbitone anaesthesia intraperitoneally and the sciatic nerve and its peroneal branch exposed by two separate incisions in the thigh and tibial regions respectively. A tracheostomy was performed. The sciatic nerve was severed near its exit from the cord at the apex of the thigh and a pair of platinum stimulating electrodes applied at this point. A mixture of Vaseline and mineral oil was used to insulate these electrodes from the remainder of the thigh wound, the latter being arranged to form a test pool 1-1.5 cm in length surrounding the more distal portion of the sciatic nerve. Heated Ringer solution was then constantly circulated through this pool at flow rates of 10-20 ml/min and removed by suction. Temperature was monitored by a thermistor placed in the test pool near the nerve trunk. An earth (ground) electrode was also inserted into this pool. Recording electrodes were placed along the peroneal branch of the sciatic, the more proximal electrode being located just distal to the bifurcation of the sciatic nerve into its peroneal and tibial branches. The other electrode was placed on a crushed segment of the peroneal nerve approximately 1 cm distal to the active electrodes. Vaseline was again used as an insulator. In some animals, we did observe a multicomponent compound action potential with peaks both at near normal and increased latency, which is what one might expect if only a fraction of the sciatic nerve fibres were demyelinated. In this case, the components of long latency were blocked at substantially lower temperatures than the earlier response, confirming previous observations (Davis and Jacobson, 1971) .
In Figs 1 and 2 the response latency decreases with increased temperature. Application of Equation 3 to these and similar data produces the result shown in Fig. 3 . Here is plotted the calculated conduction velocity of the nerve fibre in the test pool as a function of test pool temperature for all animals examined. Each straight line represents data from a single preparation with symbols being altered to avoid confusion. The lowest set of data were obtained from animals lacking almost all motor function in their hind limbs (+ + + in Table 1 The data compare well with the calculated responses of the model system of Schauf and Davis (1974) . In both cases, the lower the conduction velocity at any particular temperaturefor example, 25°C-the smaller the rate of increase of conduction velocity with temperature. Lower conduction velocities at 25°C are theoretically a measure of increasing severity or extent of demyelination. In order to compare these data with the calculated theoretical behaviour, we have plotted in Fig. 4 (solid symbols) the slope of the conduction velocity-temperature curves of Fig. 3 linear. Note that the slope of the line in Fig. 4 is critically dependent on the temperature at which the slopes of the velocity-temperature curves are measured and will vary accordingly.
One can obtain a similar plot from the theoretical calculations of Schauf and Davis (1971) . In this case, a linear relationship is again obtained, suggesting a close correspondence between the model and real demyelinated fibre. Of course, here also the slope is dependent on the reference temperature chosen. If 37°C were selected as the reference temperature for the frog, the slope would be less than for the experimental data. However, the theoretical calculations rely on an empirical description of frog myelinated nerve at 20°C. If this is taken as the reference temperature the results (open symbols in Fig. 4 ) agree very closely with the experimental findings. This superposition could, ofcourse, be fortuitous, or perhaps it reflects some fundamental adjustment of the different species to their markedly dissimilar body temperatures. In any case, the important feature is the linear behaviour present in both cases.
In Fig. 5 is plotted the blocking temperatures as a function of conduction velocity at 25°C, since the latter is presumably a measure of the represent Ine uncerLainly oi measurement. Clearly, the blocking temperature increases as the conduction velocity increases, the experimental relationship being nearly linear. o (mIs) 20 40 FIG. 6 Theoretical relationship between blocking temperature and conduction velocity at 25°Cfrom the data ofSchaufand Davis (1974 (Schauf and Davis, 1974) . It was shown that the conduction characteristics of a demyelinated nerve are the expected consequences of myelin loss and the known ionic conductance kinetics of the excitable membrane. The present study provides quantitative data in support of this mathematical model. We have shown that the model's prediction for the effects of temperature on conduction velocity and conduction block are precisely fulfilled. Specifically, it has been experimentally verified that the lower the conduction velocity in the demyelinated EAN preparation, the lower is the slope for conduction velocity increase with temperature rise and the greater is the depression of the temperature at which block occurs. Furthermore, as predicted by the model, these effects are linear functions.
An important aspect of this study is the demonstration that precise quantitative relationships for single fibre behaviour may be obtained from a multifibred experimental preparation. This would appear to be possible due to a similar degree of dysfunction in a majority of the demyelinated fibres. This is apparent from the single well-defined peak in the compound action potential in the majority of the EAN preparations. We intend to employ this method in further exploring the effects of other extrinsic factors on conduction in demyelinated nerve. Of particular interest will be the exploration of drugs and chemicals which are predicted by the experimental model to improve conduction in demyelinated nerve. These include agents with the ability to increase the membrane current either by slowing the sodium inactivation process or by inhibiting the potassium activation process (Schauf and Davis, 1974) .
It is generally accepted that the clinical signs and symptoms in multiple sclerosis are la1gely the result of defects in impulse conduction in demyelinated CNS axons. A striking example of this is the central visual field defect associated with optic nerve lesions. Here there can be little doubt that the observed scotoma is related to a disturbance of conduction in a specific bundle of topographically oriented demyelinated fibres. With respect to the well-known clinical worsening with hyperthermia in multiple sclerosis the relationship of conduction velocity and conduction block to temperature suggests that the clinical phenomenon is due to a block of conduction and not to a change in conduction velocity. Since the low conduction velocity in demyelinated axons increases with temperature elevation it should, if anything, tend to improve clinical signs and symptoms. That the net effect of hyperthermia is a worsening is not surprising, in that the change in conduction velocity with a small change in body temperature will probably not exceed several metres per second, a minor effect compared with the block of conduction produced as the result of the decrease in action potential duration with increasing temperature. The seemingly paradoxical response of a nerve fibre to increasing temperature is largely due to the fact that the increased rate of rise of the initial phase of the action potential is a more important determinant of the internodal conduction time than is the amplitude or duration of the iction potential. This is not to say that slowing of conduction is without importance in clinical function in the normothermic patient with multiple sclerosis. Indeed, the Pulfrich phenomenon in optic neuritis is probably best understood in terms of slowing of conduction velocity in the affected optic nerve fibres (Frisen et al., 1973) . In this phenomenon, a pendulum bob swinging in a frontal plane viewed binocularly seems to move along an elliptical orbit away from the involved eye. 
